and planning prior to preterm birth. In addition, accurate knowledge of trends in incidence is important for quality improvement.
Several studies have looked at the trends of mortality and morbidity of babies with birth weights of <1500 g (very low-birth-weight [VLBW] infants). In the last 20 years, survival of these VLBW infants has increased, but the incidence rates of the main neonatal complications remain unchanged. [3] [4] [5] The increased survival is attributed mainly to improvements in obstetric and neonatal care, the widespread use of antenatal corticosteroids for women at risk for preterm birth, 6 and the use of surfactant for prevention and treatment of respiratory distress syndrome (RDS). 7 The long-term outcomes of preterm infants have been reported in several studies, as well as complications such as cerebral palsy, cognitive delay, learning difficulties, deafness, blindness, and behavioral problems. [8] [9] [10] The frequency of such complications is inversely related to gestational age. 11 In terms of predicting the longterm outcome as a result of the neonatal morbidities, a large study has shown that bronchopulmonary dysplasia (BPD), ultrasonographic signs of brain injury, and severe ROP are independently correlated with the 18-month outcome in extremely low-birth-weight (ELBW) infants (<1000 grams). 12 Current available data on the incidence of shortterm morbidities in preterm infants from Saudi Arabia are scarce. Almost all of the published studies from this region have been single center-based studies with small sample size and with no focus on VLBW infants; thus they were inadequate to outline the problem nationwide. [13] [14] [15] [16] [17] [18] [19] The aim of the present study was to assess the short-term outcomes of infants with birth weights less than 1500 g born and treated at King Faisal Specialist Hospital and Research Centre in Riyadh, Saudi Arabia, over a 3-year period and to compare the results with outcomes documented by the National Institute of Child Health and Human Development (NICHD) Neonatal Research Network.
PATIENTS AND METHODS
This study was a retrospective analysis of prospectively collected data on all live newborn infants with birth weights in the range of 400 to 1500 g who required life support immediately after birth and who were admitted to the neonatal intensive care unit (NICU) at the King Faisal Specialist Hospital and Research Centre, from January 2006 to December 2008. Infants were identified through the NICU database and then followed by a careful review of their medical records to obtain the required data. Demographic data included maternal history, maternal age, parity, use of antenatal steroids, gestational age, birth weight, sex, mode of delivery, Apgar score, as well as need for resuscitation, mechanical ventilation, and surfactant administration.
Complications of prematurity included intraventricular hemorrhage (IVH), periventricular leukomalacia (PVL), RDS, pneumothorax, PDA, NEC, spontaneous intestinal perforation, ROP, BPD, sepsis, and surgical intervention during NICU admission. The study was approved by the Research Advisory Council of King Faisal Specialist Hospital and Research Centre.
Gestational age was determined from the date of the mother' s last menstrual period and/or from details of earliest available ultrasound scans (at least before 20 weeks). Immediate life support was defined as administration of respiratory support to infants immediately after birth; this support included suctioning, oxygen supply, continuous positive airway pressure, endotracheal intubation, mechanical ventilation, and surfactant therapy when appropriate. Small for gestational age was defined as birth weight below the 10th percentile for age, based on the United States Vital Statistics natality data sets for 2001 and 2002. 20 IVH was detected routinely by head ultrasound performed during the first 4 weeks of life, and IVH was graded according to Papile' s classification, from 0 to 4. 21 If multiple ultrasounds were done in the first 4 weeks, then the worst grade was recorded. PVL refers to periventricular echogenecity detected on head ultrasound done at any time during the NICU stay. RDS was considered to be present if the infant needed supplemental oxygen and a chest radiograph was consistent with RDS. Pneumothorax was considered to be present if the infant had extrapleural air diagnosed by chest radiograph or needle aspiration. PDA was considered to be present if it was detected by echocardiography with evidence of left-to-right shunting. NEC was diagnosed clinically with abdominal distension and intolerance to food or bloody stool, in addition to an abdominal radiograph showing pneumatosis intestinalis, pneumoperitoneum, or gas in the biliary tree. 22 Bell classifications were used for staging. 23 Spontaneous intestinal perforation refers to gut perforation without NEC. In case of ROP, only the worst grade of ROP detected on retinal exam was recorded utilizing the International Classification of ROP. 24 BPD was defined as requiring oxygen at 36 weeks corrected age, with total oxygen duration of 28 days or more. 25, 26 Sepsis was considered if a blood culture or a cerebrospinal fluid culture was positive with a bacterial pathogen.
Outcomes that included complications of prematurity, were assessed by descriptive analysis. Continuous variables are summarized by median and range; categorical variables are summarized as frequency and percentages.
The results were compared with data from the NICHD Neonatal Research Network published in 2007 5 after obtaining permission from the authors and the publisher. The NICHD data included short-term outcome data of infants weighing 501 to 1500 g who were born from January 1990 through December 2002 at 16 participating centers of the NICHD Neonatal Research Network. To facilitate the comparison, a range was created for our data by adding and subtracting the standard error.
RESULTS
Over our study period, 186 infants with a birth weight between 400 and 1500 g were admitted to our unit. Of these 186 infants, 154 (82.8 %) infants survived to discharge. Seventy-six (40.9%) infants were male. Mean (SD) gestational age (GA) was 29 (2.9) weeks with a range of 21 weeks, 6 days to 36 weeks, 2 days; mean birth weight was 1062 (302) g with a range of 420 to 1495 g; and 39.9% were less than 1000 g in birth weight. Fifty-seven (30.6%) infants were small for gestational age. Antenatal steroids were given to 74.2% of mothers. Eighty-five percent of infants were born by cesarean delivery. Among all mothers, 92.5% received prenatal care. Eighteen (9.7%) infants were diagnosed with major birth anomalies.
The overall mortality was 17.2%. In infants with birth weights below 1000 g, mortality was 23%, whereas 13.4% of infants with birth weights more than 1000 g died prior to discharge. Furthermore, 40% of the mortalities occurred in infants with birth weights below 700 g. Major congenital anomalies were present in almost one-third of the infants who died. The survival rate per gestational age is depicted in Table 1 for all infants born at a gestational age of 28 weeks or less. When infants born at a gestational age of 23 weeks or less were excluded, the survival to discharge ranged from 70% to 87.5%.
RDS was present in 145 (78%) infants. Surfactant therapy was used in 124 (66.7%) infants; of these infants, 86 (46.2%) received surfactant in the labor room as a prophylactic therapy. Mechanical ventilation was used in 114 (61.3%) infants; of these, high-frequency ventilation was used in 55 (29.6%) infants. Continuous positive airway pressure was used in 98 (52.7%) infants. Pneumothorax was diagnosed in 17 (9.1%) infants. BPD was diagnosed in 33 (17.7%) infants, whereas 19 (10.2%) infants were discharged home on oxygen. Postnatal corticosteroids were used in 8 (4.3%) infants.
PDA was diagnosed in 58 (31.2%) infants; of these, 37 infants received indomethacin, 1 received ibuprofen, and 13 failed medical treatment and underwent surgical ligation. IVH was present in 24 (12.9%) infants; of these, 15 (8.1%) infants were diagnosed with severe IVH. PVL was present in 7 (3.8%) infants. Early bacterial sepsis (first 72 hours) was diagnosed in 3 (1.6%) infants, while 41 (21.9%) infants developed late bacterial sepsis. Coagulase-negative staphylococcus species were responsible for 71% of the cases of late-onset sepsis. Only 4 infants had invasive fungal infection. NEC was diagnosed in 14 (7.5%) infants; 8 of these infants required surgery. ROP of all stages was diagnosed in 53 (28.3%) infants; among these infants, only 7 (3.7 %) had severe ROP, with 5 requiring laser therapy. The mean (SD) birth weight of infants in our cohort was similar to that of the infants in the NICHD cohort: 1062 (302) vs. 1033 (289) g. However, the percentage of infants who were small for gestational age was higher in our cohort: 30.6% versus 21% (range, 17%-26%), respectively. The incidence of major neonatal morbidities was similar among the two cohorts except for IVH, where our cohort had a smaller incidence. Table 2 shows a comparison between our center and the NICHD centers in terms of the major morbidities and complications of prematurity.
DISCUSSION
Our findings indicate that the short-term outcomes of VLBW infants born at our hospital are comparable with outcomes of similar populations in developed countries. With the development of antenatal and neonatal intensive care during the last two decades, the survival of the VLBW infants has improved significantly.
In our study, we found 82.8% of our population survived to discharge, which is similar to the survival rate (85%) of infants in the NICHD study. Fiftyseven (30.6%) infants were small for gestational age. Antenatal steroids were given to 74.2% of mothers. Furthermore, 40% of the mortalities occurred in infants with birth weights below 700 g.
After excluding infants born at a gestational age of 23 weeks or less, we found that survival to discharge ranged from 70% to 87.5%. The survival to discharge among infants at a gestational age of 23 weeks or less was zero, reflecting the change in the attitude of our professional caregivers toward less aggressive treatment of infants with this gestational age after receiving life support immediately after birth and full evaluation in the NICU, as implemented according to our recent strategies. [27] [28] [29] Previously, we reviewed the outcomes of 50 infants: 9 were born at 22 weeks gestational age, 17 at 23 weeks, and 24 at 24 weeks. Twenty-two (44%) infants survived to discharge, and 28 (56%) died during hospitalization. The survival rate varied according to the gestational age, with 58% survival for infants born at 24 weeks, 29% for those at 23 weeks and 33% for those at 22 weeks. The majority (89%) of infants died in the first week of life. One infant at 22 weeks, 4 at 23 weeks, and 9 at 24 weeks were found to be free of neurological abnormalities. 30, 31 Moreover, variations exist between regions in survival rates of infants of borderline viability, 32 explained mainly by different attitudes to offering intensive care, both before and after birth.
In a Swedish study comparing two population-based areas-one with proactive management and the other with selective management-the proactive strategy was associated with higher survival without an increase in neonatal morbidity than was selective management. 33 Current available data on the incidence of shortterm morbidities in preterm infants from the region are scarce. Almost all of the published studies from Saudi Arabia are single center-based studies with small sample size and with no focus on VLBW infants; thus they have been inadequate to outline the problem nationwide. [13] [14] [15] [16] [17] [18] [19] The NICHD Neonatal Research Network study was undertaken to document the mortality and morbidity of infants weighing from 501 to 1500 g at birth, according to gestational age, birth weight, and sex, during two periods (1995-1996 and 1997-2002 ). When we compared our results with those of the NICHD Neonatal Research Network, we found that the median birth weights were comparable. However, we had slightly more infants of small gestational age and a higher rate of cesarean delivery, most probably due to the higher percentage of maternal risks. At our institution, perinatal services are directed toward pregnant women with complex tertiary care diseases, such as cancer, cardiac diseases, and liver disease. In addition, as a major perinatal referral center, we provide care to a large number of pregnant women with suspected or diagnosed fetal anomalies; this could explain the high rate of major congenital anomalies in our cohort. The rate of using antenatal steroids is almost the same. Despite a similar age group and rate of antenatal steroids use, our study showed a higher rate of incidence of RDS. The use of postnatal steroids was less in our population. The incidence of pneumothorax was 9.1% in our study but 5% in the NICHD Neonatal Research Network cohort. Our incidence of BPD was slightly less; however, the rate of infants that went home on oxygen was similar. We found a similar rate of incidence of PDA, but the use of indomethacin for PDA in our report was much less, as well as the rate of PDA ligation. The rate of incidence of IVH was much less and that of PVL was the same. Rates of NEC and late-onset sepsis were the same.
The limitation of our study is the small number of infants enrolled. This study represents outcomes in a single tertiary care center; thus our results cannot be generalized to all VLBW infants in Saudi Arabia. In conclusion, in our population of VLBW infants, survival rate and complications of prematurity were comparable to international data.
